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The purpose of this article is to desoribde briefly the following three
radar: (1) BPader in the interceptor, (2) Radar to warn of dangers in the
rear, (3) BRatar for idontifying alroraft.

1., Badar in the Interceptor : .

The success cof fighter planss in action in World War II was largsly
dstermined by use of radar, I daytime, fighters were aided by grouni-besed
redar vhich iocated friendly ani enemy airoraft; ground-based raldio gave
friondly airoraft detalled instrustions concerning the course to follow to
mest the enemy. At night, hovever, such orientatiocn was insufficient: to
facllitate attack wder night conditions, another instrument in the fighter
wag required to enably the pilot, after resching the ensemy area, to assww 2
favoradle attack'ng position and to close on his oppomsn: at proprer range.

Such devices, called interceptor radar, were built and installed in
tvo-seater fighters. It was the radar operetor's duty to give the pilot necos-
sary directions for contacting tho snemy-

The basic units of radar ere trancmitter, receiver, marker, antemnma,
apd powso mnib,

ihe transmitter gemssates short, high-frequency pulses vhich are

rediated from = trensmitting ancenna in hemiapasrloal wave fromts; are reflscted,
then amplified by the receiver and fimally delivered to the imdlicator.
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Lat us zow examine how sarly intsrceptor vadsr determined the polar
cocrdinates of the target. Figurs 1 shove tha antenna system and other radar
unitn on the plana, Tuye reoeiving antemnce ars wseit., determine the eisva-
tion engls. One antonne is placed sbove the wing eurizce, the other unier-
neatl. The directiomal lobes from the uprer anl lower antenmag are such that
the echo pulses reflected from afrcrafs above the 1line of {ligh* are received
mere strongly by the upps» antemwa, whils thcgs from sirapraft bsneath the line
of flight are ressived mors strongly by tha lover -enterms (Figure 2,a).

Bignals reflected from the targsi ani yaceived by the antermas are
brought through & awiteh to ths recsizsr ani themse %o the elsvation indicator
(Pi}gu.ra 2y¢). By meens of the gwit-h 5 the uppsr ani lcwer antennss are
connected elisrnatoly with the receirar, Thers are alsc avitches in the indi-
cator by mesns of vhich incoming signals f»em the upper antenna produce® on the
indtoator -screen pulse pips dirscted upwvards from the axiel line, whils inooming
signals from the lower aptemns produce impulss rips directed dovnwards. The
intengity of these signuls raceived by the antenmms deysn¥on ths position of
tha target which affects the amplitule of the reflscted echo pulses, The groat-
or the d~flectiom of the pulses upwerds frcm the sxial line » Tor exampls, the
nigeer oo targst's pogition.

Pulses from thr'ee planss in the sams position in relation to the line
'of £light me those in Figure 2,a are shown on the elevation indicator im Figure
2,b (atstancs o' the firat plans, one kilomster; to the mecond, 2 kilometers;
and to the third,. 3 kilomsters),

‘ The azimith of the target 1s caliulated in the eams mamner as the
slevation angles by means of two antennas placsd om the right amd left eids of
‘the plane. Directiomal loves of thess antenms are shown in Figure 2,0,

The three pianes shown in Figure 2,b are projectad on a horizontal
plans as shown in Figure 2,c. Figure 2,4 shows the scho pulses from thege
planes on the agimuth indicator,

To summarizs the observaiions from the elsvetion indicator ana the
azimath indicator: 1t may be sald that pland 2 is on the right and above the
line of flight at a diatance of 2 kilomsters; plane 3 1g to +he left amd below
at a distence of 3 kilameters; and plans 1 ig one kilometer in fiont of the
fighter.

Let us examine a radar set the marksr of which has two imdicators.
There are also raiar markers with a largsr number of indicators, dut they are
avt widely used bscause they mak: the work of the operator too complioated.

Practical use has been made cf marksrs that pernit simltaneously
scarning the field of viev on nly ons indicator. In partioular, use has
been made of morkers on indicators .n whick the plans appears in the form of a
ring of lumincna dots (Figure 3). Tus brightness of the various parts of this
ring is not uniform and depsnda on the position of the loseted plane in rela-
tivn to the comrse of the fighter. If the airplans is exaotly in fremt of the
fighter, 1t will appsar as & ring of uaifarm brightpsss (Figure 3,a). Any
defisotion of the plane from the axis of tho righterts flipht will dscresse the
brightnsse of the ring an the side opposite to the airplamo’a drflectict
(Pigure 3,b). The redius of ihe ring astermines the target: rengs.

The sdvantage of this rerker as compared with those examined acl.lbr
is that the operator meeds to watch only wms soreen.

Othker types of indicators are also used in interceptor redar. We shall
touoh upon Vhem ia desoribing more modern appavetus.
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o i Figurs b ehows interceptor redar In which the trc¢ mitting antemna 1w
e placed on the noge of the plans; the elevation angle antennas are locatel om
the left outer panel and the azimuth antenmss are located on the right and
left sides of the fuselage.  Thors have beern other methcde of placing the re-
ceiving antennas, One, in particular, is to irstall all four receiving sntemnas
or the right and left cuter pamels, Another msthod 1e to put the whols anterma
system in the noss of the plans (Figures 4 and 5). All these antermas are very
large and seriously impair the a. -idynamic properties of the airplane.

The first interceptor redar operated on & wave length from cne meter
to one decimeter. With these rather long waves it was nct possidle to obtain
a suffiociently wide field of search because of the marrow directiiosl lobes apd
becaume of limitations in the over-all dimenmmions of antenrss permissible in
aircraft. Thim type of antennn emity pulses in & wide beam and & oonsiderable
part of the radiated smergy falls on the earth's surface. At distances greater
than the fighter's altitude, the signuls reflscted from the earth complstely
maelk the echo signal from the targst (Figures 2 and 3). Hemse, the renge of
dotection depemds on the altituds, To eliminate this depenisnce, narrover
directional lobes were necessery. This wes accomplishied by smploying cemtl-
meter waves. '

The antenns of rudar opsreting on centimeter waves les & half-wave redsr
horn located at the focus of a marebolic reflector. The smaller over-all di- )
nensions ¢f the reflector maks 1t Jssidle to install the antennn ingide the
noge of the fuselags. Ths directional lobe of this type of antet..:ls & narrow
beam, only a:few degrees wide. But 1t 1s difficult to deteot a target with such
a. parrow heam airce {t covers only a sml)l payt of the forward hemisphere. In
order that & large part of the field may bs ecanned by redar, the antenm is L

In this case (Figure 6), the masker indicatvor has a radial arm or
cursor which rotates synohroncusly with the aungular rotation of the antenma
beam, Usually the arm is not visible on the indicator; but when echo signals

" . are reccived from the +-~vget, a bright spot at a« certain point, corresponiing

.. [ t0 the Aistance from the target, will be formed on the arm. When the taxrget
1s scamned by & rotatiny beam, lwninous points emsrge in a number of comtiguous
redial arms and thue form a emall luminrous arc, The widta of the arc ila leter-
mined by the amount of the target's divergense from the line of flight. The )
greater this dlvergence from the entenma axis, the nexrower the arc, siace the-
beanm rotates and remains on the target omly for a short time, If the fighter
is folloring its target, the target is exposed to radiation throughout the

enuire rotating sweep of the beam and trus & oloeed ring will appear om the
- indioator.

Yor convemience in observing the target at short ranges .om the
fighter, the soalo of the indiocator Tsgins a sbort epace from the ocenter amd
forms & luminous ring of small diareter (first reeding ring). The indiocator
in Figure 6 also ahovs the so-call’ed altimster ring, vhich is formed by the
reflection fram the earth's surfece of the smal: uniirected side lobes reldiat-
ing from the :adar anterma. Xcho signals from the earth's surface produde
1ight spots on the soreer. These spots do not materially affect thy renge of
redar deteotion.

Intercepvor sedar, vhich has appeared sinoe World War II, is mow much
. . o improved . Waighat and over-all direneions hevs hesn decreased and they are more
- o o reliable and simpler to operate. umong the most important improvensnto are
TR avtountic tresking in -*‘ack and an inoyetsed scamaing field,

Autom:tic redar tracking greatly inoreases reliability of aircreft

g i interception under all atxwspheric conditions and also decreases probability

ot EEN i of missing the tergst, Incrsaged range makes 1t possidle for the crew to be
e i well prerarsd for attack.
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This newer radar is installsd on the plane in the following positions: L L
antenna, transmitter, and high-frequency parts of the receiver are in the moge; e
inileater; masual search contrel and various other control amd auriliary .
apparatus, near the operator; on tre pilot's pansl are indicator and devices
that show target renge and velcolty of approach.

The radar antempna is & ‘half-wave dipole, located at the foous of &
parsbolic reflector. The lobes of waximum power emitted by the anteomma &re
slightly to the eides of the axis. Becsuss of the rotation of the dipole, the

o i radar eoamming field is enlargel and the axis of maximum enterna emiseion
peaRry RPN desoribes a oone. In the process of scapning, the satemma refisctor turms
R slovwly to the right and left. This increases the radar fleld of scanning to
S ' o the gides.

While scemning, tke operator sxamines the air situstiom by means of
his indicator, on which he sees the pulses from all planes within hie field of
searoh (Figure 7). Azimuth angles are measured on the “ndlostor alomg the

i B borizomtal axle, and target rengss are messured along the verticel axis. A
ERE LA faint vertical tand indicates the angle of deviaticn of the antemma frem the
e axial line, The bend rotates on the soreen praportiomsily to the sagle of the
antsuma’ reflsstor. .

ocookptt; osly the Borizon line is to be seen (Pigure 8). The yositiom of the
-tictizon. line ahows “ha. 11 s% his plane's nmovenent : an upward o dowmmnd
defiaction o2 the hiurlzen 'ime rram the horizontalline below the acresn indl-
cates that the airpisi {s pitching or diving; an inslmation to left or right
denotss - left or right banking., ]

Sy : thirgmch, no targets at all are seen on ths indiostor &a the

After selecting his target before attack, the cperatar firwt detarmines
N the position of the antenna in relation to the target by mamumsl eomtrol and then
-~ ) : . shifts to autamatioc target trecking botk for direotiocn and rengs.

After the autammtic target-tracking Zevice is switohed iam, the taxrget
silhouette of the airplans appears on the pilot's indlcatar (Figwre 8). The
poeition of the center of the silhoustte shows the pilot the amount of the
target's deflection.

Switching devicee show simmltaneously ths target range amd the velocity
of approach, By watching his instruments, the pilot ostablishes all aspects of
f1ight and directe his plans in such a manner that the center of the silhoustte
ovinoides wivh the center of the indicator.

o v
5

The span of the silhoustte inoreases in proportion to the praximity of
the enemy. The pllct opens fire rt the momsnt when the wing tips reech the
vertical marks on the axiai lines of the indicator,

Tatevoephor PACAr oan be wsed for parposes other than their pwimary
el : task. They may servo to guide an airplane to its airdroms and also to permit
& N N blird landings.

2, PRalar Devices to Warn of Danger in the Beas

Yor rear hemisphere observatior amd for werning ‘*he orew o’ ensdy

o LR approsck, so-oalled rear-werning msdar 1s wed. ipis set 1> installud doth
ST T on fighters and bombars. There are two types, one for yassive and ons for ',
active warning. :

Devices for pawsive warning consist of a receiver and iranemitter and
cporate only after exposuro to the cusmy interceptor radar. Such inatruments
are very simple, but their use demands lmowledge of the frequsnoy of the encLy
intarcuptor redar. For thia rezson, the devices for passive wverning are rerely
used .
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Rear-warning sets for active warning are redar sete whioch detect am K : . -
ensmy by echo signals, S :

* Their basic units are: iranamliter with & moduletor, receiver, antennd, -
inifcator, and power unit (Figure $).

The principls of rear-warning reder is apalogous to that of interceptor

An antemnna ingtalled on the wing is employed for signal and transmiesion
reception.

The method of signaline the crew differa with the type of inetrumemt.
The following signaling methods are in use: sounding of slectric burzers; avdio
signals through the interccmmunication system (SFU); flashing eignals, and indf-
cations on cathode-ray tubes.

“.‘!E‘ e For greater relisbility in warning the crew, combinations of several
: ; R types of eigmaling are sometimee used.

1»\‘, g The ingtruments used in intercomsand the cathode-ray tubes axe the only
: k . wvarnping devices that indicate in some way the dietance of the approaching hostfie
aircraft.

e e The defects of the rear-warning devices in uss are their small renge eni
' . i inability to identify detocted targets.

In viev of the fact that the lobe width of the beams rediated from the
entenma of resr.warning devices 1s rather large, strong reflecticsms. from the
esarth’s surface can be obperved ocn the inastruments. Signals bouncing from the
sarth unfortunately register on the rear-warning instruments and may thus mis-
lead the orew. Hence, the range of *these devices must Lo intentiomally restricted
a0 that they can be employed even at low altitudes.

To protect the rear hemisphere of heavy bombers, more complicated in-
strumentes ars used, These do not merely ‘arn, but also aid in ‘coordinmating fire
from the gune. We call such inpstruments "redar shooting sights.” Soms of
them operate entireiy on optical sights and are employed to determime the target
rangs. They carry out automatic target-tracking according to distance. The
data supplied by them are fed into a mathematical computor.

i 3. Radar Devices for [dsntifying Airoraft

oee S Buocess in the tactical employment of radar entirely depenis upon the - N
i abl 11ty to 1dentify gquickiy and positively any target aypearing within the R .

radar station's f£ield of scamning, Radar e .cions without special equlpment
for ldentifying sircraft wonld be completely unable to distinguish friendly .
airoraft from enany craft. Tha airoraft is first Juiged by type, 1te flight : 1
course, and by data from observation posts., To facllitate further identifica-
tion of friendly aircrafi, various mane vers are excouted by tus plane. ¥For
exampls, following ccmmands from the ground mtation, the airpleny to be idexti-

. L fied (12 friendly) must execuie sxw specific mansuver which has been previcusly
et ‘ . recordsd for reference on the radar plotting board or even directly on the indi-

’ N, *  ocator, /Thus, the airplans may f1y in a asquare, or wsave, eto.)

: Fun None of these methods of identification 1s very-satisfactory, beocuse
T VIR they ere indefiniie and iims consuming. Besides, it is not always posaidls to i v

Lo : T employ them, Therefors, it 1s necsssary to copstruot and inatcll apreswtiy oo B ~
the planes themselves which will cause its presence to bo immediately registersd Ly
on friendly radar indiocatora.

The earliest of thess airborns sevices wuy = simple antemns tuned t» .

redar frequenoy. With ald o2 a specisl switch, the antenne way alisrmately : g :

- v -5 -
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connected and discormected so that 1t produced a psriodic pattorn im the ampli-
tude of the scho sigoals. By the presence or abmence of these echo-pulss oode
patterns in the yadar indicator, friendly aircraft can be Alstinguished from
R s ; bogtile craft, But this system of identification has many sericus dsfaota and
DR RS e R WA never very videly uwsed. ’

.. An layroved apperatus made its appesrwnce aftsr this cme, Instead of
the antemma, a transceiver was used, which was & type of airborme beacon for
redar signals.

As long ag the airplane 1s not expomed to radar waves, this transceliver
aats as a roosiver, When the airplans is exposed to radar waves, ths radar

R T pulses are received and then amplified by the receiver and finmelly osuse the
s ¢ : ‘ trensmitter automatically to emlt radar ldentiffcation sigmals (bsacon pignsls)

R on & frequensy oqual to the rader freguency and with an amplitnds scawwhat
greater than that of the echo signals, The beacon sigmals are propagated
immsdiately after the ocho signals exwd, therefore, appesy on ths radsy indi-
cator, along with ths original echo pulges, .in the foxm of pulse pips with an

amplitude slightly greater than that of the echo signals (Figure 10), )

So that ordimary reflsoted pulses my be differentiated from bescon
signale, the identifiocation dppareatus is so constructed that it does not Lyanamit
reply o beacon sigmals on every pulse but skips & certain mmber of pulses.
Thug, unlike echo impulses, the beacon signal palses alternstely sppesvr and
RN L disappear (flicker). To prevent the ensmy from imitating beacon eigpala, the
N s T apparatus has a coding dévice vhich makes it poseibls to ohangs both the dwra.

‘. T tion of the. impulses and their sucoessive alternatioms acoording ¢o & fizcd
sohedule, Thus, aircraft identification is caxried vut, not anly through the
presence or absence of aigmals dut aiso through coding.

SBuch a system we call "jJoint identification.” Detection and identifi-
3 cation are here carrisd cut on the same wvave. These devioces were dosigned to
N permit cooperatisn between redar stations, airbarne or ground-besed, which
B differed only slightly in their operationmal frequencies. With the continual
development of rTadar and the sppearanse of many stations operating on a great
variety of wave lengths, the comstruoctiocn of ax!sting devices had to be changed
in order to enlaxrge their frequenoy bamis,

The chief defects of the identification system in queetion are as
follows: :

The nystem is completely unsatisfactory from the standpoint of uni- -
versality, Thus, with thes ume of revw wave lengths in redar, 1% ‘s necessary ‘ B
oconstantly to incroass the weight ani volume of airplane equirment, whioh is ‘ ”
obriously limited. . :

The system is extravagant lu opération., Thus, the 1dsatification
device operates during ths vhole period of exposurs of ths airplane to redar,
although only & very fev reply sigmunls are needed for idomdification.

T o ' Bacause the same wave langth is weed In detectic and identifisatiom,
R R thy beacon signals from cijacent alroraft can affect tne opemticm of these
. o devices,

_lv&.:j B S : In semi-autoncmous beacon syastems & partial geparation has been made

between dateotion waves and iientification waves. This was effected by tuning
i e the airoraft recsiver to the rala:r wave; but ths ransmitter sends identifying
e N signals n a frequency different from that of ths radar apparatus. Special

» e receivers are supplied to recelve signals by radar.
_ S -6 -
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The ssml-sutonomous bsaccn system elimimates the defects comnocted with
the poseihility-of confusion witk intsrrogators but all the cther defescts in
the "joimt identification system” also ocour in the m-autoncmmm aystom.

Immediately after the semi-autoncmous eysteme, the autcoomous beaccn
syotoms made theiy appearance, in which independent (sutomomous) fregusnoy
reanges wore used.

RREa The absoluts assigmment of & certain band to be wsed wnly 1n identifi-
S cation made it poseible tc eliminmate the chiel defect of the previiaaly

mentionsd syetemp and to install a great number of ideutifioation devicss on

airoraft. To send rsply eignals by the automsmous system, there ic. nstallsd

on each plane a devics, the "responder,” which afiswars the "laterrogator.”

But for all radar apparatus, whether on the ground or in aircraft, there are

alsc epscial attachments -~ the interrogators or challsngers.

e B The prinoiple an which the automcoms bsacon cystem opsrates is shown
Qﬂ'" SR in Plgure 1l. -
’ After & target has been detectsd by radar, the isterrogator ie then
gwitohed in, The intmmtm- is consideradly lese powerful than the yadsr
apparatug, but is:powerful encugh to emlt inguiry pulses which striks the
plans to e 1d.erntiﬁoa.‘ But sinos the pulsss of the 1ntorroator are comne

ui.dembly visaksr than normal redar pulass; their reflectior: fyom the fuse-
lngs: Mo mpidl,r anA ‘cammot he d@teotod. by an 1ntar.\-ogswr

g .. .The responder operetes cnly vhen the iatervoghtor is switoled in.
In autcncmous systems this eliminates ths defact connected with the protrected
-operation of -interrogators used ia: Joint identification: systems.

[Figures follov.]
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